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We  have  developed  an  anesthetized  microswine  model  of  hypoxemic 
hypothermia  and  rewarming  for  testing  prophylaxes  and  treatments.  The 
respiratory  stimulant  almitrine  bismesylate  (ALM)  was  considered  as  a 
potential  field  expedient  therapy  for  hypoxemic  hypothermia.  Prelimi¬ 
nary  experiments  demonstrated  that  five  consecutive  1 00  /ig  •  kg“'  ALM 
intravenous  (iv)  doses  given  to  normothermic  microswine  3-4  min  apart 
increased  minute  ventilation  from  an  average  of  3.4  L-min-1  to  4.5 
L-min"'  (n  =  2).  However,  when  either  a  single  iv  ALM  dose  of  150 
pg-\<g~'  (n  =  1)  or  three  consecutive  100  ^g-kg"’  iv  doses  given  15 
min  apart  (n  =  1)  to  hypoxemic  hypothermic  microswine  with  a  mean 
esophageal  temperature  (Tes)  =  28.8°C,  and  a  mean  arterial  O2  partial 
pressure  (PaOa)  =  49  mmHg,  the  hypoxemia  was  potentiated  (mean  Pa02 
=  32  mmHg)  and  respiratory  arrest  ensued.  Other  experiments  using 
continuous  ALM  iv  infusion  (1.0  yug- kg"’ •  min"')  in  hypoxemic  hypo¬ 
thermic  microswine  (n  =  6,  Tes  =  30.6  ±  0.5,  Pa02  =  55.4  ±  12.9) 
did  not  demonstrate  significant  (p  s  0.05)  cardiorespiratory  differences 
(ventilation,  heart  rate,  blood  pressure,  blood  gases)  when  compared  to 
hypoxemic  hypothermic  controls  (n  =  6,  Tes  =  30.7  ±  0.5,  Pa02  =  53.3 
±  13.6).  These  results  suggest  that  high  dose  iv  bolus  administration  of 
ALM  is  not  indicated  as  a  potential  field  expedient  therapy  for  hypox¬ 
emic  hypothermia,  while  further  work  is  required  to  assess  the  potential 
efficacy  of  other  continuous  low  dose  iv  infusion  regimens. 


Throughout  history,  hypothermia  has  been  a 
major  threat  to  military  operations  (6,14).  This  threat 
is  magnified  at  altitude  since  ambient  temperature  de¬ 
creases  an  average  of  2.0°C  for  every  300  m  of  elevation 
(5);  thus,  soldiers  deployed  to  mountainous  terrain  are 
subjected  not  only  to  hypoxia,  but  also  the  threat  of  hypo¬ 
thermia.  At  high  altitude,  the  combination  of  hypoxemia 
and  hypothermia  presents  a  serious  hazard  to  individual 
and  unit  effectiveness. 

Some  of  the  physiologic  effects  of  hypoxia  include  pe¬ 
ripheral  vasoconstriction,  dehydration,  and  hemo- 
concentration  (5),  all  of  which  are  also  induced  by  hypo¬ 
thermia  (22).  Thus,  a  higher  incidence  and  greater  sever¬ 
ity  of  hypothermia-related  injuries  can  be  expected  when 
altitude  and  cold  are  combined,  and  their  effects  are  gen¬ 
erally  additive  (12).  Ultimately,  death  may  occur  conse¬ 
quent  to  hypoxemia,  hypothermia  and/or  subsequent 
resuscitation. 

When  a  severely  hypothermic  mountain  casualty  (core 
temperature  <  30°C)  is  found,  the  potential  for  life- 
threatening  cardiac  arrhythmias  is  a  primary  concern  be¬ 
cause  of  the  hyperirritability  of  the  compromised  myo¬ 


cardium.  Both  hypoxia  and  hypothermia  are  noncardio- 
genic  causes  of  ventricular  arrhythmias,  and  ventricular 
fibrillation  may  be  precipitated  simply  by  the  physical 
agitation  of  transport  over  rugged  terrain  to  an  evacua¬ 
tion  helicopter  (18,21).  While  supplemental  oxygen  can 
reduce  this  propensity  for  fibrillation  (21),  the  logistical 
problems  of  transporting  oxygen  cylinders  over  moun¬ 
tainous  terrain  would  render  it,  at  best,  an  inconvenient 
field  treatment,  especially  with  multiple  casualties.  The 
advantages  of  a  drug  such  as  almitrine  bismesylate 
(ALM,  Vectarion®,  Servier  Laboratories,  Orleans,  France) 
are  that  it  does  not  require  sophisticated  equipment  for 
use,  and  can  be  rapidly  administered  to  multiple  casual¬ 
ties. 

ALM  is  a  rapidly-acting  and  persistent  respiratory 
stimulant  which  increases  pulmonary  ventilation  by  spe¬ 
cifically  stimulating  the  carotid  body  (15,17),  irrespective 
of  the  level  of  oxygenation  (10).  It  has  also  been  sug¬ 
gested  that  ALM  improves  the  pulmonary  ventilation/ 
perfusion  ratio  by  redistributing  blood  from  poorly  ven¬ 
tilated  to  better  ventilated  areas  via  finely  regulated  hyp¬ 
oxic  pulmonary  vasoconstriction  (HPV)  (16,20). 

We  hypothesized  that  ALM  would  increase  arterial 
oxygenation  in  hypoxemic  hypothermic  microswine  by 
mechanisms  related  to  peripheral  chemoreceptor  stimu¬ 
lation  and/or  HPV.  If  ALM  has  the  potential  to  be  a 
practical  and  effective  field  expedient  treatment  for  hyp¬ 
oxemic  hypothermia  allowing  for  safe  patient  transport, 
it  would  be  a  valuable  countermeasure  with  immediate 
impact  for  treating  altitude  and  cold  illness  and  injury. 

METHODS 

Animals 

The  Institutional  Animal  Care  and  Use  Committee  ap¬ 
proved  the  experimental  protocol  describing  this  study 
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Normothermic  Hypothermic  30  min.  Post  Mid  Rewarming  End  Rewarming 

Baseline  Baseline  Infusion 

Fig.  1.  Minute  ventilation  responses  to  hypoxemic  hypothermia  and 
rewarming  comparing  effects  of  continuous  ALM  infusion  (1.0 
/ag- kg“' •  min“’)  and  PCB  groups  (n  =  6).  There  were  no  differences 
between  ALM  and  PCB  groups.  Values  are  means  ±  SD;  Tes  =  mean 
esophageal  temperature;  *  indicates  significance  from  normothermic 
baseline,  +  indicates  significance  from  both  normothermic  baseline  and 
end  rewarming  (p  s  0.05). 

prior  to  initiation.  The  animals  were  maintained  under 
the  surveillance  of  a  veterinarian  in  a  facility  fully  accred¬ 
ited  by  the  American  Association  for  Accreditation  of 
Laboratory  Animal  Care. 

Microswine  (Charles  River  Laboratories,  Wilmington, 
MA)  were  used  in  this  study  for  several  reasons.  The 
pathophysiology  and  biochemistry  of  swine  have  been 
well-documented  (2,3,19).  Unlike  rats  and  rabbits,  they 
have  sufficient  blood  volume  to  allow  the  requisite  con¬ 
secutive  samples.  They  were  preferred  over  dogs  because 
their  physiology  has  been  reportedly  "closer"  to  humans 
(2,3),  and  are  usually  regarded  as  a  non-pet  species. 

Eight  barrows,  7-8  mo  old,  weighing  33.3  ±  2.2  kg 
were  used.  The  animals  were  socially  housed  in  fiber¬ 
glass  pens  with  slatted  floors  with  ad  lib  access  to  water 
via  an  automatic  watering  system.  Miniswine  laboratory 
chow  was  given  in  two  daily  feedings. 

Since  splenic  contraction  is  the  primary  cause  of  hemo- 
concentration  in  hypothermic  pigs  (11),  the  microswine 
were  first  splenectomized  under  isoflurane  anesthesia  for 
the  experimental  model  preparation.  The  pig,  unlike  the 
human,  has  a  large  and  contractile  spleen  capable  of  stor¬ 
ing  20-25%  of  the  total  red  cell  volume  (13).  Thus,  release 
of  splenic-sequestered  erythrocytes  into  the  circulation 
during  hypothermia  and/or  rewarming  may  result  in 
effects  that  do  not  occur  in  humans  because  of  their  com¬ 
paratively  small  (1-2%)  splenic  red  cell  reserve  (1,4,8). 

At  3-4  weeks  following  the  splenectomy,  18  gauge  Ty- 
gon  (Norton  Performance  Plastics,  Akron,  OH)  jugular 
venous  and  carotid  arterial  catheters  were  aseptically  im¬ 
planted  from  a  neck  incision  under  isoflurance  anesthesia 
for  blood  sampling,  and  ALM  or  malic  acid  placebo 
(PCB)  intravenous  (iv)  infusion.  These  catheters  were 
flushed  with  sterile  saline  (0.9%),  filled  with  heparin 
(1000  units  •  ml”’),  exteriorized  at  the  back  of  the  neck, 
then  the  incision  was  routinely  closed.  Catheter  patency 
was  maintained  by  flushing  with  sterile  saline  and  filling 
with  heparin  every  2-3  d. 

Postoperative  analgesia  for  both  surgical  procedures 


was  provided  by  butorphanol  tartrate  (0.5  mg  •  kg”’ ,  im) 
or  nalbuphine  HCl  (1.0  mg  •  kg”’,  im)  for  at  least  the  first 
two  postoperative  days.  Nafcillin  sodium  (8  mg -kg”’, 
iv)  was  administered  intraoperatively,  and  once  postop- 
eratively  as  a  prophylactic  measure  to  offset  the  risk  of 
infection  from  surgery.  After  catheterization  and  a  5-  to 
7-d  recovery  period,  the  experimental  portion  of  the  pro¬ 
tocol  was  performed. 

Physiological  Measurements 

Arterial  blood  pressure  (Pa)  was  measured  using  a  P23 
ID  transducer  (Gould  Electronics,  Valley  View,  OH),  and 
ventilation  was  measured  using  a  21 072 A  pneumotach 
and  47304A  flow  transducer  (Hewlett-Packard,  Boise, 
ID).  Tidal  volume  (Vt)  and  respiratory  rate  (RR)  were 
integrated  for  determination  of  minute  ventilation  (Ve), 
corrected  for  body  temperature  and  water  vapor  satura¬ 
tion  (BTPS).  Both  Pa  and  Ve  were  recorded  on  a  2400S 
4-channel  physiological  recorder  (Gould  Electronics,  Val¬ 
ley  View,  OH).  Esophageal  temperature  (Tes)  was  moni- 

a 


E3  Placebo 
B  Almitrine 


Normothermic  Hypothermic  30  min.  Post  Mid  Rewarming  End  Rewarming 
Baseline  Baseline  Infusion 


b 


Normothermic  Hypothermic  30  min.  Post  Mid  Rewarming  End  Rewarming 
Baseline  Baseline  Infusion 


Fig.  2.  a:  Heart  rate;  and  b:  mean  arterial  pressure  responses  to  hypox¬ 
emic  hypothermia  and  rewarming  comparing  the  effects  of  continuous 
ALM  infusion  (1.0  //g- kg“’min"’)  to  equivalent  PCB  infusion.  There 
were  no  differences  between  ALM  and  PCB  groups  (n  =  6).  Values  are 
means  ±  SD;  Tes  =  mean  esophageat  temperature;  *  indicates  signifi¬ 
cance  from  normothermic  baseline  (p  s;  0.05). 
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TABLE  I.  ARTERIAL  BLOOD  GASES. 


Tes 

(“C) 

Pa02 

(mmHg) 

PaC02 

(mmHg) 

pH 

HCO3 

(mmol  •  L  h 

Normothermic 

ALM 

37.3  ±  0.3 

57.9  ±  9.1 

47.2  ±  2.2 

7.44  ±  0.02 

31.6  ±  2.1 

Baseline 

PCB 

37.1  ±  0.2 

59.1  ±  5.1 

47.6  ±  2.8 

7.43  ±  0.01 

31.6  ±  2.1 

Hypothermic 

ALM 

30.6  ±  0.5 

55.4  ±  12.9 

53.9  ±  6.2 

7.39  ±  0.04 

35.3  ±  2.4 

Baseline 

PCB 

30.7  ±  0.5 

53.3  ±  13.6 

54.9  ±  9.1 

7.39  ±  0.05 

35.3  ±  3.2 

30  min  Post 

ALM 

30.4  ±  0.8 

51.8  ±  15.6 

55.6  ±  7.4 

7.36  ±  0.02 

35.1  ±  2.3 

Infusion 

PCB 

30.5  ±  0.6 

50.9  ±  14.5 

56.9  ±  8.4 

7.37  ±  0.05 

35.9  ±  2.4 

Mid 

ALM 

34.3  ±  0.4 

56.2  ±  7.9 

53.4  ±  5.1 

7.42  ±  0.02 

35.3  ±  2.2 

Rewarming 

PCB 

34.2  ±  0.1 

55.5  ±  5.7 

54.3  ±  7.4 

7.41  ±  0.04 

35.6  ±  2.5 

End 

ALM 

37.0  ±  0.0 

52.3  ±  7.2 

48.8  ±  6.2 

7.46  ±  0.03 

34.3  ±  2.8 

Rewarming 

PCB 

37.0  ±  0.0 

50.4  ±  3.8 

51.3  ±  5.9 

7.45  ±  0.04 

35.2  ±  1.9 

Arterial  blood  gas  responses  to  hypoxemic  hypothermia  and  rewarming  comparing  effects  of  continuous  almitrine  (ALM)  infusion  (1.0 
pg  •  kg“’  •  min“')  to  equivalent  placebo  (PCB)  infusion.  There  were  no  significant  (p  0.05)  differences  between  ALM  and  PCB  groups.  Values 
are  means  ±  SD  (n  =  6).  Esophageal  temperature  (Tes),  arterial  O2  partial  pressure  (Pao^)/  arterial  CO2  partial  pressure  (Paco^)/ 
arterial  bicarbonate  ion  concentration  (HCOJ). 


tored  using  a  450-TH  digital  thermometer  (Doric  Scien¬ 
tific,  San  Diego,  CA)  with  a  series  400  rectal  thermistor 
(Yellow  Springs  Instruments),  Yellow  Springs,  OH). 

Arterial  and  venous  blood  samples  (1  ml)  were  col¬ 
lected  in  heparinized  syringes  at  normothermia,  then 
during  cooling,  hypothermia,  and  rewarming.  Blood 
gases,  corrected  for  temperature,  were  quantified  using 
an  ABL3  blood  gas  analyzer  (Radiometer,  Copenhagen), 
the  microhematocrit  technique  (in  duplicate)  was  used 
for  hematocrit  (Hct)  measurements,  hemoglobin  (Hgb) 
was  measured  by  the  cyanmethemoglobin  technique,  to¬ 
tal  protein  (TP)  was  determined  by  refractometry,  osmol¬ 
ality  (Osm)  was  quantified  by  freezing  point  depression, 
and  albumin  (Alb)  was  determined  using  a  550  Express 
autoanalyzer  (Ciba-Corning,  Medfield,  MA).  Percentage 
changes  in  plasma  volume  (%APV)  were  derived  from 
Hct  and  Hgb  data  using  the  equations  described  by  Dill 
and  Costill  (7). 

Hypothermia  and  Rewarming  Procedures 

Each  animal  was  used  twice,  serving  as  its  own  con¬ 
trol.  In  random  order,  either  PCB  or  ALM  dissolved  in 
malic  acid  was  administered.  A  1-week  recovery  period 
was  given  prior  to  the  second  experiment.  Feed,  but  not 
water,  was  withheld  from  the  evening  (1700  h)  prior  to 
the  day  of  the  hypoxemia /hypothermia  experiments. 
The  animals  were  sedated  with  a  low  dose  of  sodium 
pentothal  (3  mg  •  kg^’ ,  iv),  mask-induced  with  isoflurane 
(4-5%) /compressed  air  mixture,  intubated  and  main¬ 
tained  on  3%  isoflurance  anesthesia.  A  semi-closed 
breathing  circuit  was  used  with  soda  lime  for  expired 
CO2  removal.  The  microswine  were  stabilized  under  nor- 
mothermic  conditions  for  20-30  min  prior  to  taking  nor- 
mothermic  baseline  measurements  and  blood  samples. 
The  animals  were  then  cooled  using  a  temperature  con¬ 
trolled  water  blanket,  a  hypothermic  baseline  was  estab¬ 
lished,  then  either  continuous  iv  infusion  of  ALM  (1.0 
pg  •  kg“'  •  min“’)  or  PCB  at  an  equivalent  infusion  rate 
was  administered  throughout  approximately  45  min  of 
hypothermia  and  3-4  h  of  rewarming  to  normothermia. 
Arterial  hypoxemia  was  maintained  for  the  entire  experi¬ 
mental  duration  (Table  I).  After  rewarming  the  pigs  were 
allowed  to  recover.  Post-experimental  analgesia  was  pro¬ 


vided  by  butorphanol  tartrate  (0.5  mg  •  kg  ’ ,  im)  to  re¬ 
lieve  any  animal  discomfort. 

Statistics 

Mean  values  for  all  experimental  and  calculated  data 
at  the  different  time  intervals  between  control  and  exper¬ 
imental  groups  were  compared  using  a  two-way  analysis 
of  variance;  the  null  hypothesis  was  rejected  at  p  <  0.05 
using  a  post-hoc  test  (Turkey's  critical  difference  analy¬ 
sis). 

RESULTS 

Preliminary  Experiments 

A  major  consideration  of  this  study  was  that  the  ani¬ 
mals  become  hypoxemic  by  spontaneously  breathing  a 
hypoxic  gas  mixture  (12.1%  O2,  84.9%  N2,  3.0%  isoflur¬ 
ane)  in  order  to  simulate  hypoxic  conditions  encountered 
at  an  altitude  of  4300  m.  However,  the  microswine  were 
unable  to  tolerate  this  hypoxic  gas  mixture  under 
isoflurane  anesthesia  without  undergoing  respiratory 
and  cardiovascular  arrest.  Thus,  a  compressed  air  gas 
mixture  (20.3%  O2,  76.7%  N2,  3.0%  isoflurane)  was 
adapted  and  used  in  order  to  mimic  hypoxic  conditions 
encountered  by  humans  at  significant  altitude  (3000  m), 
without  inducing  respiratory  collapse  or  severe  respira¬ 
tory  depression. 

Additional  preliminary  experiments  designed  to  deter¬ 
mine  a  normothermic  ALM  dose  for  anesthetized  micros¬ 
wine  (n  =  2)  demonstrated  that  five  consecutive  100 
//g-kg~’  iv  ALM  doses  given  3-4  min  apart  increased 
Ve  by  approximately  30%  (from  an  average  of  3.4 
L  •  min“'  to  4.5  L  •  min”’)  by  a  combination  of  both  in¬ 
creased  RR  and  Vt.  However,  when  either  a  single  iv 
ALM  dose  of  150  /xg-kg”’  (n  =  1)  or  three  consecutive 
100  /xg'kg”’  iv  doses  given  15  min  apart  (n  =  1)  were 
administered  to  hypoxemic  hypothermic  microswine 
(mean  Tes  =  28.8°C,  mean  Pa02  =  49  mmHg,  n  =  2),  the 
hypoxemia  was  potentiated  (mean  Pa02  =  32  mmHg) 
and  respiratory  arrest  ensued.  These  animals  were  resus¬ 
citated  using  assisted  ventilation  until  initial  rewarming, 
when  spontaneous  ventilation  occurred.  Continuous  iv 
infusion  of  ALM  at  a  relatively  low  rate  (1.0 
/ig  •  kg”’  •  min”’)  was  used  in  subsequent  experiments. 
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TABLE  II.  HEMATOLOGICAL  VARIABLES. 


Tes 

(°C) 

Hct 
(%  rbc) 

Hgb 

(g-dL'') 

TP 

(g-dL'') 

Alb 

(g-dL'') 

Normothermic 

ALM 

37.3  ±  0.3 

32.8  ±  2.5 

9.9  ±  1.0 

6.1  ±  0.4 

4.2  ±  0.3 

Baseline 

PCB 

37.1  ±  0.2 

32.9  ±  2.2 

10.0  ±  0.6 

6.0  ±  0.4 

4.2  ±  0.3 

Hypothermic 

ALM 

30.6  ±  0.5 

34.4  ±  3.0 

10.0  ±  0.9 

6,0  ±  0.6 

3.9  ±  0.2 

Baseline 

PCB 

30.7  ±  0.5 

34.1  ±  3.0 

10.1  ±  0.6 

6.0  ±  0.4 

3.9  ±  0.1 

30  min  Post 

ALM 

30.4  ±  0.8 

34.3  ±  2.8 

10.0  ±  0.9 

6.0  ±  0.4 

3.6  ±  0.3 

Infusion 

PCB 

30.5  ±  0.6 

33.7  ±  3.1 

10.2  ±  0,7 

5.9  ±  0.5 

3.8  ±  0.4 

Mid 

ALM 

34.3  ±  0.4 

32.3  ±  3.1 

10.2  ±  0.7 

5.7  ±  0.3 

3.7  ±  0.5 

Rewarming 

PCB 

34.2  ±  0.1 

33.3  ±  2.6 

10.1  ±  0.6 

5.7  ±  0.3 

3.7  ±  0.3 

End 

ALM 

37.0  ±  0.0 

33.0  ±  2.3 

10.0  ±  0.8 

5.7  ±  0.5 

3,8  ±  0.2 

Rewarming 

PCB 

37.0  ±  0.0 

33.4  ±  2.1 

10.3  ±  0.6 

5.8  ±  0.3 

3.8  ±  0.3 

Hematological  responses  to  hypoxemic  hypothermia  and  rewarming  comparing  effects  of  continuous  almitrine  (ALM)  infusion  (1 .0  /rg  •  kg''  •  min'') 
to  equivalent  placebo  (PCB)  infusion.  There  were  no  significant  (p  <  0.05)  differences  between  ALM  and  PCB  groups.  Values  are  means  ±  SD  (n 
=  6).  Esophageal  temperature  (Tes),  hematocrit  (Hct),  hemoglobin  (Hgb),  total  protein  (TP),  albumin  (Alb). 


Hypothermia  and  Rewarming  Experiments 

No  statistical  differences  (n  =  6)  between  ALM  and 
PCB  were  noted  for  any  of  the  cardiorespiratory  vari¬ 
ables  measured  during  continuous  iv  infusion  of  ALM 
(1.0  pg  •  kg"^  •  min“')  or  equivalent  PCB  infusion  begin¬ 
ning  at  hypothermic  baseline  (Tes  ~  30°C)  and  continuing 
throughout  hypothermia  and  rewarming  (Fig.  1,  2a,  2b, 
and  Tables  I  and  II).  However,  significant  (p  <  0.05) 
hypothermia-associated  reductions  in  Ve  were  apparent 
for  both  PCB  and  ALM  groups  until  end  rewarming 
when  Ve  returned  to  normothermic  levels  (Pig.  1).  Con¬ 
sistent  with  the  protocol  design,  significant  hypoxemia 
was  apparent  throughout  the  experiment  (Table  I).  These 
Pa02  levels  are  comparable  with  those  reported  for  unac¬ 
climatized  men  acutely  exposed  to  an  altitude  of  approx¬ 
imately  3000  m  (9). 

During  hypothermia  and  mid-rewarming,  arterial 
blood  gas  measurements  suggested  a  partially  compen¬ 
sated  respiratory  acidosis  (acidemia,  hypercapnia,  hyper- 
carbia).  By  end-rewarming,  the  respiratory  acidosis  was 
alleviated  as  Ve  returned  toward  normothermic  baseline 
levels  (Pig.  1)  and  hypercapnia  was  reduced  (Table  I). 

Heart  rate  (HR)  and  Pa  were  not  significantly  altered 
as  the  result  of  ALM  or  PCB  infusion  (Pig.  2a  and  2b). 
However,  there  was  a  significant  (p  <  0.05)  hypothermia 
mediated  reduction  in  Pa  which  continued  throughout 
rewarming  (Pig.  2b).  There  were  no  statistically  signifi¬ 
cant  differences  for  Hct,  Hgb,  TP,  and  Alb  as  the  result 
of  hypothermia  and,  ALM  or  PCB  infusion  (Table  II). 
Purther,  %APV  calculated  from  Hct  and  Hgb  data  did 
not  change  due  to  either  hypothermia,  ALM  or  PCB  ad¬ 
ministration. 

DISCUSSION 

We  have  developed  an  anesthetized  microswine 
model  of  hypoxemic  hypothermia  and  rewarming  for 
testing  prophylaxes,  countermeasures,  and  treatments. 
The  positive  ventilatory  effect  of  ALM  via  activation  of 
peripheral  chemoreceptors  has  been  well  documented 
(15,17).  We  have  observed  a  similar  response  to  iv  bolus 
(high  dose)  ALM  in  normothermic  anesthetized  micros¬ 
wine.  However,  with  iv  bolus  infusion  of  ALM  during 
hypoxemic  hypothermia,  respiration  was  depressed, 
hypoxemia  intensified,  and  respiratory  arrest  ensued. 


The  anticipated  positive  effects  of  ALM  on  ventilation 
(15),  as  well  as  the  augmented  HPV  (16,20)  for  increasing 
arterial  Pa02  may  have  been  blunted  by  unknown  mecha¬ 
nisms  related  to  hypothermia,  hypoxemia,  and/ or  anes¬ 
thesia.  Purther,  the  relatively  high  rates  of  ALM  adminis¬ 
tration  with  iv  bolus  infusion  initially  used  in  the  present 
study  have  been  shown  to  cause  generalized  pulmonary 
vasoconstriction,  and  reduce  Pa02  (16).  However,  these 
investigators  (16)  also  reported  that  low  dose  continuous 
ALM  iv  infusion  (1.0  yug  •  kg“D  min'')  caused  HPV 
thereby  shunting  blood  to  better  oxygenated  alveoli  re¬ 
sulting  in  higher  Pa02  levels.  In  theory,  our  initial  results 
in  hypoxemic  hypothermic  microswine  with  iv  bolus 
ALM  administration  suggested  that  a  low  dose  continu¬ 
ous  ALM  iv  infusion  was  indicated  in  order  to  minimize 
generalized  pulmonary  vasoconstriction,  stimulate  HPV, 
and  potentially  alleviate  the  hypoxemia.  Nonetheless, 
compared  to  controls,  continuous  low  dose  iv  infusion  of 
ALM  did  not  improve  any  measured  pathophysiological 
responses  to  hypoxemic  hypothermia.  Higher  continu¬ 
ous  iv  infusion  rates  may  remain  efficacious,  but  these 
were  not  attempted. 

In  conclusion,  the  results  from  this  study  suggest  that 
iv  bolus  infusion  of  ALM,  in  doses  that  stimulate  ventila¬ 
tion  under  normothermic  conditions,  is  not  indicated  as 
a  field  expedient  treatment  for  hypoxemic  hypothermia 
since  rapid  administration  may  increase  the  incidence 
and  intensity  of  the  related  pathophysiological  conse¬ 
quences.  Purther  work  is  required  to  assess  the  potential 
efficacy  of  different  low  dose  continuous  iv  infusion  regi¬ 
mens. 


ACKNOWLEDGMENTS 

The  authors  wish  to  thank  Dr.  Ralph  P.  Francesconi  for  his  insightful 
editorial  contributions  to  this  manuscript,  and  Servier  Laboratories, 
Orleans,  France,  for  their  generous  contribution  of  almitrine  bismesy- 
late. 

The  investigations  adhered  to  the  "Guide  for  the  Care  and  Use  of 
Laboratory  Animals"  prepared  by  the  Committee  on  Care  and  Use  of 
Laboratory  Animals  of  the  Institute  of  Laboratory  Animal  Resources 
Commission  on  life  Sciences,  National  Research  Council,  (NIH  Publica¬ 
tion  86-23,  1985). 

Citations  of  commercial  organizations  and  trade  names  in  this  report 
do  not  constitute  an  official  Department  of  the  Army  endorsement  or 
approval  of  the  products  or  services  of  these  organizations.  Opinions, 
interpretations,  conclusions,  and  recommendations  are  those  of  the  au¬ 
thors  and  are  not  necessarily  endorsed  by  the  U.  S.  Army. 


Aviation,  Space,  and  Environmental  Medicine  •  Vol.  68,  No.  9  •  September  1997 


827 


HYPOXEMIC  HYPOTHERMIA  SWINE  MODEL— GENTILE  ET  AL. 


REFERENCES 

1.  Ayers  AB,  Davies  BN,  Witherington  PG.  Responses  of  the  isolated, 

perfused  human  spleen  to  sympathetic  nerve  stimulation,  cate¬ 
cholamines  and  polypeptides,  Br  J  Pharmacol  1972;  44:17-30. 

2.  Bustad  LK.  Pigs  in  the  laboratory.  Sci  Am  1966;  214:94-100. 

3.  Bustad  LK,  McClellan  RO.  Swine  in  biomedical  research.  Seattle: 

Pacific  Northwest  Laboratory,  1966. 

4.  Christensen  BE.  Erythrocyte  pooling  and  sequestration  in  enlarged 

spleens:  estimation  of  splenic  erythrocyte  and  plasma  volume 
in  splenomegalic  patients.  Scand  J  Hematol  1973;  10:106-19. 

5.  Cymerman  A,  Rock  PB.  Medical  problems  in  high  mountain  envi¬ 

ronments.  A  handbook  for  medical  officers.  U,  S.  Army  Research 
Institute  of  Environmental  Medicine  Technical  Note  No.  94-2, 
1994. 

6.  Danzl  DF,  Pozos  RS,  Hamlet  MP.  Accidental  hypothermia.  In:  Auer¬ 

bach  PS,  Geehr  EC,  eds.  Management  of  wilderness  and  environ¬ 
mental  emergencies,  2nd  ed.  St.  Louis:  CV  Mosby,  1989:  35-76. 

7.  Dill  DB,  Costill  DL.  Calculation  of  percentage  changes  in  volumes 

of  blood,  plasma,  and  red  cells  in  dehydration.  J  Appl  Physiol 
1974;  37:247-8. 

8.  Ebert  RV,  Stead  EA.  Demonstration  that  in  normal  man  no  reserves 

of  blood  are  mobilized  by  exercise,  epinephrine,  and  hemor¬ 
rhage.  Am  J  Med  Sci  1941;  201:655-64. 

9.  Fulco  CS,  Cymerman  A.  Human  performance  and  acute  hypoxia. 

In:  Pandolf  KB,  Sawka  MN,  Gonzalez  RR,  eds.  Human  perfor¬ 
mance  physiology  and  enviromental  medicine  at  terretrial  ex¬ 
tremes.  Indianapolis,  Benchmark  Press,  1988:467-95. 

10.  Gaudy  IH,  Sicard  JF,  Gateau  O.  Ventilatory  effects  of  almitrine 

bismesilate  in  dogs  breathing  normoxic,  hyperoxic  and  hypoxic 
mixtures.  Acta  Anaesthesiol  Scand  1990;  34:90-4. 

11.  Gentile  BJ,  Szlyk-Modrow  PC,  Sils  IV,  et  al.  Splenic  effects  on  hemo¬ 


dynamics  induced  by  hypothermia  and  rewarming  in  miniature 
swine.  Aviat  Space  Environ  Med  1995;  66:143-7. 

12.  Hacked  PH,  Roach  RC,  Sutton  JR.  High  altitude  medicine.  In:  Auer¬ 

bach  PS,  Geehr  EC,  eds.  Management  of  wilderness  and  environ¬ 
mental  emergencies.  St.  Louis:  CV  Mosby  Co,,  1989:1-34. 

13.  Hannon  JP,  Bossone  CA,  Rodkey  WG.  Splenic  red  cell  seqestration 

and  blood  volume  measurements  in  conscious  pigs.  Am  J  Phys¬ 
iol  1985;  248:R293-01. 

14.  Herr  RD:  Hypothermia:  threat  to  military  operations.  Mil  Med  1991; 

156:140-4. 

15.  Laubie  M,  Schmitt  H.  Long-lasting  hyperventilation  induced  by 

almitrine:  evidence  for  a  specific  effect  on  carotid  and  thoracic 
chemoreceptors.  Eur  J  Pharmacol  1980;  61:125-36. 

16.  Nakanishi  S,  Hiramoto  T,  Ahmed  N,  et  al.  Almitrine  enhances  in 

low  dose  the  reactivity  of  pulmonary  vessels  to  hypoxia.  Respira¬ 
tion  Physiol  1988;  74:139-50. 

17.  Olievier  CN,  Berkenbosch  AAD,  Degroede  J,  et  al.  Almitrine  bisme- 

sylate  and  the  central  and  peripheral  ventilatory  response  to 
CO2.  J  Appl  Physiol  1987;  63:66-74, 

18.  Snadden  D.  The  field  management  of  hypothermic  casualties  aris¬ 

ing  from  Scottish  mountain  accidents.  Scottish  Medical  J  1993; 
38:99-03. 

19.  Swindle  MM.  Swine  as  models  in  biomedical  research.  Ames,  lA: 

Iowa  State  University  Press,  1992. 

20.  Tenaillon  A,  Labrousse  J,  Longchal  J,  et  al.  The  effect  of  almitrine 

in  acute  exacerbations  of  chronic  respiratory  failure  treated  by 
artificial  ventilation.  Rev  Fr  Mai  Resp  1980;  8:177-82. 

21.  Wilkerson  J,  Hamlet  MP.  Medical  after  action  conference.  Mount 

Hood,  1986,  bypass  rewarming.  Natick,  MA:  U.S.  Army  Research 
Institute  of  Environmental  Medicine,  1988.  Technical  Report. 

22.  Wong  KC.  Physiology  and  pharmacology  of  hypothermia.  West  J 

Med  1983;  138:227-32. 


828 


Aviation,  Space,  and  Environmental  Medicine  •  Vol.  68,  No.  9  •  September  1997 


